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Description
Field of Invention

[0001] The presentinvention relates to aerosol gener-
ation devices, and more specifically aerosol generation
device power systems.

Background

[0002] Aerosol generation devices such as electronic
cigarettes and other aerosol inhalers or vaporisation de-
vices are becoming increasingly popular consumer prod-
ucts.

[0003] Heating devices for vaporisation or aerosolisa-
tion are known in the art. Such devices typically include
a heating chamber and heater. In operation, an operator
inserts the product to be aerosolised or vaporised into
the heating chamber. The product is then heated with an
electronic heater to vaporise the constituents of the prod-
uctforthe operator toinhale. In some examples, the prod-
uct is a tobacco product similar to a traditional cigarette.
Such devices are sometimes referred to as "heat not
burn" devices in that the product is heated to the point of
aerosolisation, without being combusted.

[0004] Problems faced by known aerosol generation
devices include improving power management.

[0005] US2020/154779 A1describes charging control
for an aerosol delivery device with a control device, sup-
plemental energy storage element such as a superca-
pacitor, and a rechargeable battery. The control device
also includes an electrical connector, and the electrical
connector can connect to a power supply via a charger.
US 5 808 447 A describes a pulse charging method for
rechargeable batteries. EP 3 607 985 A1 describes a
vaporization device. US 2018/140011 A1 describes a
power source for an aerosol delivery device.

Summary of Invention

[0006] In a first aspect, there is provided an aerosol
generation device, the aerosol generation device com-
prising:

apower system comprising a supercapacitor module
and a battery module, the power system connectable
to an external power source; and

a controller, wherein the controller is configured con-
trol a pulse-charging regime of the power system by:

controlling a first power flow from the external
power source to the power system, wherein con-
trolling the first power flow from the external
power source to the power system comprises
cyclically switching the first power flow between
charging the battery module in afirst time period
and not charging the battery module in a second
time period in a pulse-charging manner; and
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controlling a second power flow between the su-
percapacitor module and battery module,
wherein controlling the second power flow be-
tween the supercapacitor module and the bat-
tery module comprises charging the battery
module from the supercapacitor module in the
first time period.

[0007] In this way, the second power flow from the su-
percapacitor module to the battery module boosts the
first power flow from the external power source to the
battery module during the first time period. This provides
multiple advantages over typical pulse charge tech-
niques. By boosting of the current flow from the external
power source into the battery module using the superca-
pacitor module, alower power external power source can
be used for pulse charging. For example, a high power
wall adapter is not required to achieve fast pulse charg-
ing, and instead a less powerful supply such as a lower
power USB appliance or port in another device can be
used. This provides advantages including reductions in
cost, reductions in losses and improvements in efficien-
cy, greater flexibility in device design and reductions in
device size.

[0008] Preferably, controlling the first power flow fur-
ther comprises charging the supercapacitor module from
the external power source during the second time period.
[0009] In this way, the supercapacitor module is re-
charged for the first time period of the next cycle.
[0010] Preferably, controlling the first power flow fur-
ther comprises not charging the supercapacitor module
from the external power source during the first time pe-
riod.

[0011] Preferably, controlling the second power flow
further comprises not charging the battery module from
the supercapacitor module in the second time period.
[0012] In this way, the battery module is rested during
the second time period. This can improve the longevity
of the battery module.

[0013] Preferably, the first powerflow comprises a sub-
stantially constant current flow into the power system.
[0014] Preferably, the battery module comprises at
least one battery and/or at least one removable power
bank.

[0015] Preferably, the supercapacitor module contains
two or more supercapacitors connected in series.
[0016] In this way, multiple smaller supercapacitors
can be used to improve design flexibility.

[0017] Preferably, the power system comprises the su-
percapacitor module connected in parallel with the bat-
tery module, with a voltage converter connected between
the supercapacitor module and the battery module.
[0018] Preferably, the voltage converter is configured
to step-down the voltage of the second power flow from
supercapacitor module to battery module in the first time
period.

[0019] Preferably, the power system further comprises
a first switching means connected between the battery
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module and the supercapacitor module, wherein the first
switching means is controlled by the controller to switch
between charging the battery module in afirst time period
and not charging the battery module in a second time
period.

[0020] In this way, the switching of the power flow be-
tween the first time period and second time period can
be efficiently achieved.

[0021] Preferably, the first switching means comprises
a transistor controlled by the controller.

[0022] Inthepresentdisclosurethereis provided asys-
tem comprising the aerosol generation device of the first
aspect, and the external power source.

[0023] Preferably, the external power source is a pow-
er adapter connectable to a mains supply and/or a power
bank, a docking station configured to receive the aerosol
generation device, or a portable charging case config-
ured to receive the aerosol generation device.

[0024] In a second aspect, there is provided a method
of controlling a pulse-charging regime of a power system
of an aerosol generation device, the power system com-
prising a supercapacitor module and a battery module
and connectable to an external power source and the
method comprising:

controlling a first power flow from the external power
source to the power system, wherein controlling the
first power flow from the external power source to
the power system comprises cyclically switching the
firstpower flow between charging the battery module
in a first time period and not charging the battery
module in a second time period in a pulse-charging
manner; and

controlling a second power flow between the super-
capacitor module and battery module, wherein con-
trolling the second power flow between the superca-
pacitor module and the battery module comprises
charging the battery module from the supercapacitor
module in the first time period.

[0025] Optionally, the second aspect can comprise the
preferable features of the first aspect.

[0026] In a third aspect, there is provided a non-tran-
sitory computer-readable medium storing instructions
that when executed by one or more processors of a con-
troller configured for operation with an aerosol generation
device power system comprising a supercapacitor mod-
ule and a battery module, connectable to an external
power source, cause the one or more processors to con-
trol a pulse-charging regime of a power system by:

controlling a first power flow from the external power
source to the power system, wherein controlling the
first power flow from the external power source to
the power system comprises cyclically switching the
firstpower flow between charging the battery module
in a first time period and not charging the battery
module in a second time period in a pulse-charging
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manner; and

controlling a second power flow between the super-
capacitor module and battery module, wherein con-
trolling the second power flow between the superca-
pacitor module and the battery module comprises
charging the battery module from the supercapacitor
module in the first time period.

[0027] Optionally, the third aspect can comprise the
preferable features of the first aspect.

Brief Description of the Drawings

[0028] Embodiments of the invention are now de-
scribed, by way of example, with reference to the draw-
ings, in which:

Figure 1 is a block diagram of an aerosol generation
device;

Figure 2 is a flow diagram of operating modes of an
aerosol generation device;

Figure 3 is a plot of heater temperature against time
for an aerosolisation session;

Figure 4 is a plot of a pulse width modulated power
flow;

Figure 5A is a circuit diagram of a power system
comprising a supercapacitor module and a battery
module;

Figure 5B is a plot of current against time for a pulse
width modulated power flow into and out of the su-
percapacitor module of the power system of Figure
5A;

Figure 5C is adual plot of heater temperature against
time and the state of charge of the supercapacitor
module against time for an aerosolisation session
using the power system of Figure 5A;

Figure 6A is a circuit diagram of the power system
of Figure 5A connected to an external power source;

Figure 6B is a plot of current against time for a pulse
charging protocol; and

Figure 6C shows plots of current against time for the
current flow from the external power source, the cur-
rent flow into the battery module and the current flow
into and out of the supercapacitor module, for a pulse
charging protocol of the power system of Figure 6A.

Detailed Description

[0029] Figure 1 shows a block diagram of the compo-
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nents of an aerosol generation device 100 or a vapor
generation device, also known as an electronic cigarette.
For the purposes of the present description, it will be un-
derstood that the terms vapor and aerosol are inter-
changeable.

[0030] The aerosol generation device 100 has a body
portion 112 containing controller 102, and a power sys-
tem comprising a first energy storage module 104 and a
second energy storage module 106. The power system
is operable in a plurality of selectable operating modes.
Herein only one first energy storage module 104 and one
second energy storage module 106 are referred to; the
skilled person will however understand that the power
system can comprise one or more first energy storage
modules and one or more second energy storage mod-
ules as appropriate. The controller 102 is configured to
control a power flow of the first energy storage module
104 and the second energy storage module 106 based
on the selected operating mode, as will be subsequently
described. The controller 102 can be at least one micro-
controller unit comprising memory, with instructions
stored thereon for operating the aerosol generation de-
vice 100 including instructions for executing the selecta-
ble operating modes and controlling the power flows, and
one or processors configured to execute the instructions.
[0031] In some examples, the first energy storage
module 104 is a supercapacitor module 104 and the sec-
ond energy storage module 106 is a battery module 106.
[0032] In an example, a heater 108 is contained with
the body portion 112. In such an example, as shown in
Figure 1, the heater 108 is arranged in a cavity 110 or
chamber in the body portion 112. The cavity 110 is ac-
cessed by an opening 110A in the body portion 112. The
cavity 110 is arranged to receive an associated aerosol
generating consumable 114. The aerosol generating
consumable can contain an aerosol generating material,
such as a tobacco rod containing tobacco. A tobacco rod
can be similar to a traditional cigarette. The cavity 110
has cross-section approximately equal to that of the aer-
osol generating consumable 114, and a depth such that
when the associated aerosol generating consumable
114 isinserted into the cavity 110, afirstend portion 114A
ofthe aerosol generating consumable 114 reaches a bot-
tom portion 110B of the cavity 110 (that is, an end portion
110B of the cavity 110 distal from the cavity opening
110A), and a second end portion 114B of the aerosol
generating consumable 114 distal to the first end portion
114A extends outwardly from the cavity 110. In this way,
a consumer can inhale upon the aerosol generating con-
sumable 114 when it is inserted into the aerosol gener-
ation device 100. In the example of Figure 1, the heater
108 is arranged in the cavity 110 such that the aerosol
generating consumable 114 engages the heater 108
when inserted into the cavity 110. In the example of Fig-
ure 1, the heater 108 is arranged as a tube in the cavity
such that when the first end portion 114A of the aerosol
generating consumable is inserted into the cavity the
heater 108 substantially or completely surrounds the por-
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tion of the aerosol generating consumable 114 within the
cavity 110. The heater 108 can be a wire, such as a coiled
wire heater, or a ceramic heater, or any other suitable
type of heater. The heater 108 can comprise multiple
heating elements sequentially arranged along the axial
length of the cavity that can be independently activated
(i.e. powered up) in a sequential order.

[0033] In an alternative embodiment (not shown), the
heater can be arranged as an elongate piercing member
(such as in the form of needle, rod or blade) within the
cavity; in such an embodiment the heater can be ar-
ranged to penetrate the aerosol generating consumable
and engage the aerosol generating material when the
aerosol generating consumable is inserted into the cav-
ity.

[0034] Inanother alternative embodiment (not shown),
the heater may be in the form of an induction heater. In
such an embodiment, a heating element (i.e., a suscep-
tor) can be provided in the consumable, and the heating
element is inductively coupled to the induction element
(i.e., induction coil) in the cavity when the consumable is
inserted into the cavity. The induction heater then heats
the heating element by induction.

[0035] The heater 108 is arranged to heat the aerosol
generating consumable 114 to a predetermined temper-
ature to produce an aerosol in an aerosolisation session.
An aerosolisation session can be considered as when
the device is operated to produce an aerosol from the
aerosol generating consumable 114. In an example in
which the aerosol generating consumable 114 is a to-
bacco rod, the aerosol generating consumable 114 com-
prises tobacco. The heater 108 is arranged to heat the
tobacco, without burning the tobacco, to generate an aer-
osol. That is, the heater 108 heats the tobacco at a pre-
determined temperature below the combustion point of
the tobacco such that a tobacco-based aerosol is gen-
erated. The skilled person will readily understand that
the aerosol generating consumable 114 does not neces-
sarily need to comprise tobacco, and that any other suit-
able substance for aerosolisation (or vaporisation), par-
ticularly by heating without burning the substance, can
be used in place of tobacco.

[0036] In an alternative, the aerosol generating con-
sumable can be a vaporisable liquid. The vaporisable
liquid can be contained in a cartridge receivable in the
aerosol generation device, or can be directly deposited
into the aerosol generation device.

[0037] The controller 102 is arranged to control the
power flow of the first energy storage module 104 and
the second energy storage module 106 based upon a
selected operating mode of the aerosolisation session.

[0038] The progression from the preheating mode, to
the float mode and then to the post-float mode can be
understood from Figure 2.

[0039] Inthe preheating mode 202, the heater 108 as-
sociated with the aerosol generation device 100 is heated
to a predetermined temperature for the generation of an
aerosol from the aerosol generating consumable 114. A
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preheating phase can be considered the time during
which the preheating mode is being executed, for exam-
ple the time it takes for the heater 108 to reach the pre-
determined temperature. The pre-heating mode occurs
during a first time period of the aerosolisation session.
In an example, the first time period can be a fixed pre-
determined time period. In other examples, the first time
period can vary corresponding to the length of time need-
ed to heat the heater 108 to the predetermined temper-
ature.

[0040] When the heater reaches the predetermined
temperature, the controller 102 ends the preheating
mode 202 and controls the power system to perform the
float mode 204. In the float mode 204 the controller 102
controls the power flow from the power system to main-
tain the heater 108 substantially at the predetermined
temperature so that an aerosol is generated for the con-
sumer to inhale. Afloat phase can be considered the time
during which the float mode is being executed, for exam-
ple the time during which the heater 108 is aerosolising
one (or at least part of one) aerosol generating consum-
able 114 after the preheating phase. The controller 102
can control the power system to operate the float mode
for a second time period of the aerosolisation session.
The second time period can be predetermined and stored
at the controller 102.

[0041] Following the expiration of the second time pe-
riod, the controller 102 switches the operating mode to
the post-float mode 206. In the post-float mode the con-
troller 102 disables the power flow from the power system
to the heater so that the heater is no longer being pow-
ered. The heaterretains residual heat energy despite the
power flow having been disabled. This residual heat is
used to continue heating the consumable in the post-float
mode. A post-float phase can be considered the time
during which the post-float mode is being executed. The
post-float phase corresponds to a third time period of the
aerosolisation session.

[0042] Figure 3 showsanexemplary plotof heater tem-
perature 304 against time 302. In the pre-heating phase
the controller 102 controls the power system to apply
power to the heater for the first time period 308, until the
heater temperature reaches the predetermined temper-
ature 306. Inan example, the predetermined temperature
is 230°C. In an example, the first time period is 20 sec-
onds. In some examples, the controller 102 is configured
to heatthe heaterto the predetermined temperature with-
in a fixed predetermined first time period. In other exam-
ples the first time period varies depending on how long
the heater takes to reach the predetermined temperature.
[0043] When the heater reaches the predetermined
temperature 306, the controller 102 switches the operat-
ing mode to the float mode for the second time period
310 and maintains the heater temperature substantially
at the predetermined temperature 306 for this second
time period 310. In an example, the second time period
may be 250 seconds.

[0044] Following the expiration of the second time pe-
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riod 310, the controller 102 switches the operating mode
to the post-float mode for the third time period 312. As
the third time period 312 progresses, the heater temper-
ature drops as power is no longer being applied. The
third time period 312 can be configured such that its ex-
piration coincides with the heater temperature dropping
below a threshold. This threshold can correspond to a
temperature above ambient temperature, but below
which the consumable is no longer usefully being heated.
In an example, the third time period may be 20 seconds.
[0045] Following the expiration of the third time period
312 the user of the aerosol generation device may be
informed that the aerosolisation session has ended, by
way of a visual or audible indicator, so that they are aware
that the consumable is no longer being aerosolised.
[0046] Inthe preheating and float modes, the controller
102 controls the power flow from the power system to
the heater such that the power flow is a pulse width mod-
ulated power flow having one or more pulse width mod-
ulation cycles. An exemplary pulse width modulated pow-
er flow is presented in Figure 4. A pulse width modulated
power flow comprises one or more pulse width modula-
tion (PWM) cycles 402 (also known as pulse width mod-
ulation switching periods). A single PWM cycle, or switch-
ing period, 402 comprises one PWM cycle "on period" D
and one PWM cycle "off period" 1-D. The combination of
the PWM cycle on period D and the PWM cycle off period
1-D forms the overall PWM cycle or switching period 402.
[0047] During the PWM on period of the PWM cycle,
power is applied to the heater, that is a power line to
heater is closed by a switch that implements the PWM
control. During the PWM off period power is not applied
to heater, that is the power line to the heater is opened
by a switch that implements the PWM control. As such,
one pulse width modulation cycle 402 comprises the
power being switched once between an on state and an
off state, and a pulse width modulated power flow there-
fore comprises continuously powering the heater with a
power flow which is rapidly switched between PWM on
periods and off periods with a duty cycle.

[0048] The pulse width modulation duty cycle corre-
sponds to the on period (D) as a proportion of the total
period (D + (1-D)) of the cycle 402 (i.e. the combined "on
period" and "off period" of the switching period 402).
[0049] The pulse width modulated power flow, com-
prising a plurality of PWM cycles, continuously powers
the heater with the average power of the PWM on period
and the PWM off period based upon the duty cycle. Con-
trolling the duty cycle controls the amount of power de-
livered to the heater. A higher duty cycle for the pulse
width modulated power flow delivers a higher average
power; a lower duty cycle for the pulse width modulated
power flow delivers a lower average power. That is, for
a higher duty cycle a greater proportion of the cycle 402
is the "on period" D than for a lower duty cycle. In this
way, careful control of the level of power applied to the
heater can be achieved by controlling the duty cycle of
the pulse width modulated power flow.
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[0050] In the float mode, the controller 102 is config-
ured to control the power system to apply the pulse width
modulated power flow to the heater with a first duty cycle
regime to maintain the heater substantially at the prede-
termined aerosol generation temperature. In the preheat-
ing mode, the controller 102 is configured to control the
power system to apply the pulse width modulated power
flow to the heater with a second duty cycle regime, dif-
ferent to the first duty cycle regime, to heat the heater to
the aerosol generation temperature. The second duty cy-
cle regime can have a higher duty cycle than the first duty
cycle regime, in this way a greater amount of power is
applied to the heater to rapidly heat it to the predeter-
mined temperature, whilst a lower amount of power is
used to maintain the heater at the predetermined tem-
perature. The first duty cycle regime comprises one or
more PWM cycles with a first duty cycle ratio D1, and the
second duty cycle regime comprises one or more PWM
cycles with a second duty cycle ratio D2; the relationship
between D1 and D2 can be considered as D2 = D1*K,
where Kis a coefficient that is >> 1 and can be selected
as an implementation choice; the theoretical maximum
duty cycle is 1 with no off period, or close to but less than
1 with a very short off period. In examples, the first duty
cycle regime comprises one or more duty cycles with
duty cycle ratios much less than 1 and the second duty
cycle regime comprises one or more duty cycles with
duty cycle ratios near to but less than 1. In other exam-
ples, the first duty cycle regime comprises one or more
duty cycles with duty cycle ratios << 0.5 and the second
duty cycle regime comprises one or more duty cycles
with duty cycle ratios > 0.5. In further examples, the first
duty cycle is configured such that < 3 W is applied in the
float mode, and the second duty cycle is configured such
that approximately 16 W is applied in the preheating
mode.

[0051] In some examples, the PWM power flow in the
float mode can be considered a first PWM power flow,
and the PWM power flow in the pre-heating mode can
be considered a second PWM power flow.

[0052] Inthefloat mode the controller 102 is configured
to control the second energy storage module to charge
the first energy storage module during the pulse width
modulation cycle off period. In this way, the first energy
storage module can be incrementally charged during the
float mode thereby increasing the time for which it is able
to power the heater. This allows the first energy storage
module to be smaller.

[0053] Inthe post-float mode, the controller 102 is con-
figured to control the second energy storage module 106
to constantly charge the first energy storage module 106
until the first energy storage module 104 is fully charged.
In this way, the first energy storage module is sufficiently
charged for the pre-heating mode in a subsequent aer-
osolisation session.

[0054] Figure 5A presents a specific implementation
of the power system 500 described with reference to Fig-
ures 1 to 4.
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[0055] In the power system 500 of Figure 5A, the first
energy storage module 504 is a supercapacitor module
504 and the second energy storage module 506 is a bat-
tery module 506. The supercapacitor module 504 com-
prises one or more supercapacitors, and the battery mod-
ule 506 comprises one or more batteries.

[0056] In a specific example, the supercapacitor mod-
ule 504 can be implemented as two supercapacitors con-
nected in series. These supercapacitors can be tradition-
al-type supercapacitors and each can have a voltage of
2.5V thereby providing the supercapacitor module 504
with a total voltage of 5 V. As such, the voltage (U2) of
the supercapacitor module 504 can be 5 V. In other ex-
amples, a plurality of supercapacitors can be connected
in series to meet the voltage requirements needed for
powering the heater. Connecting a plurality of smaller
supercapacitors in series, rather than using a single larg-
er supercapacitor, is advantageous in allowing greater
design flexibility.

[0057] The battery module 506 can be implemented
as a single battery. This can be a high energy battery,
such as a battery using lithium-ion technology, alumini-
um-ion technology, or zinc-ion technology, or any other
suitable type of battery. Alternatively, the battery module
can comprise a plurality of batteries. In a specific exam-
ple, the battery is a lithium-ion battery with a voltage of
3.7 V. As such, the voltage (U1) of the battery module
506 can be 3.7 V. The battery module 506 can be inte-
grated into the aerosol generation device 100. In other
examples, the battery module 506 can be a power bank
thatis attachable/detachable from the aerosol generation
device 100 rather than a battery specifically integrated
into the device 100. The battery module 506 need not
exclusively be an integrated battery or a separate power
bank, rather the battery module can utilise a combination
of the two; when the integrated battery is fully discharged
the power bank can be connected and the aerosolisation
session can be performed without first needing to re-
charge the integrated battery.

[0058] The supercapacitor module 504 and the battery
module 506 are connected in parallel with a DC/DC volt-
age converter 530 arranged between the two. The
DC/DC voltage converter 530 is arranged to step up the
battery module voltage in order to charge the superca-
pacitor module 504 from the battery module 506. A first
switching means 522 is arranged between the battery
module 506 and the converter 530. The supercapacitor
module 504 is connectable to the heater 508, represent-
ed as the load 508, in parallel with a second switching
means 524 arranged between the two. The heater 508
is not itself a component of the power system 500, but
rather is powered by the power system 500. The first
switching means 522 and the second switching means
524 can be transistors connected to the controller 102
(not shown in Figure 5A).

[0059] Duringthe preheating mode and the float mode,
controlling the pulse width modulated power flow of the
power system 500 comprises controlling the supercapac-
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itor module 504 to power the heater 508 and the battery
module 506 to recharge the supercapacitor module 504.
Only the supercapacitor module 504 powers the heater
508 in the preheating mode and the float mode; the bat-
tery module 506 recharges the supercapacitor module
504. During the PWM cycle on periods of the pulse width
modulated power flow, the supercapacitor module 504
powers the heater, and during the PWM cycle off periods
the battery module 506 recharges the supercapacitor
module 504. That is, during the preheating mode and the
float mode the supercapacitor module 504 switches be-
tween powering the heater 508 during the on portion of
the duty cycle, and being recharged by the battery mod-
ule 506 during the off portion of the duty cycle. The battery
module 506 does not charge the supercapacitor module
504 during the on portion of the duty cycle.

[0060] The pulse width modulated power flow in the
float mode operates with a first duty cycle regime that
comprises one or more PWM cycles with a first duty cycle
ratio D1. In the preheating mode, the supercapacitor
module 504 powers the heater 508 with a pulse width
modulated power flow with a second duty cycle regime
that comprises one or more PWM cycles with a second
duty cycle ratio D2. The relationship between D1 and D2
can be considered as D2 = D1*K, where K is a coefficient
that is >> 1 and can be selected as an implementation
choice. In an example, the first duty cycle ratio can be
much less than 1, and the second duty cycle ratio can
be close to but less than 1. In other examples, the first
duty cycle ratio can be << 0.5 and the second duty cycle
ratio can be > 0.5. In further examples, the first duty cycle
is configured such that <3 W is applied in the float mode,
and the second duty cycle is configured such that ap-
proximately 16 W is applied in the preheating mode.
[0061] The controller 102, the first switching means
522, and the second switching means 524 bring about
this control over the heating and charging. During the
PWM cycle on periods of the pulse width modulated pow-
er flow, the controller 102 controls the second switching
means 524 to be closed and the first switching means
522 to be open. In this way, power flows from the super-
capacitor module 504 to the heater 508 during the PWM
on period whilst the battery module 506 is isolated from
the supercapacitor module 504 and the heater 508. Dur-
ing the PWM cycle off periods of the pulse width modu-
lated power flow, the controller 102 controls the second
switching means 524 to be open and the first switching
means 522 to be closed. In this way, power flows from
the battery module 506 into the supercapacitor module
504 to recharge the supercapacitor module 504 whilst
the supercapacitor module 504 is isolated from the heater
508. As such, during the pulse width modulated power
flow, a rapid switching occurs between powering the
heater 508 in the PWM cycle on periods and recharging
the supercapacitor module 504 in the PWM cycle off pe-
riods.

[0062] In some examples, there may be a small delay
between opening the first switching means 522 and clos-
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ing the second switching means 524. This prevents the
power flow from the battery module 506 inadvertently
reaching the heater 508 during the on period of the duty
cycle of the pulse width modulated power flow.

[0063] Figure 5B shows a plot of current 546 against
time 544 for the pulse width modulated power flow into
and out of the supercapacitor module during an exem-
plary portion of the preheating mode or the float mode.
During the PWM cycle on period (D) of the switching pe-
riod 402, power flows out of the supercapacitor module
504 with a first amplitude 554. The solid line 550 indicates
the power flow out of the supercapacitor module 504,
and the punctuated line 552 indicates the power flow into
the supercapacitor module 504. During the PWM cycle
off period (1-D) power flows into the supercapacitor mod-
ule 504 with a second amplitude 556. In this way, the
power flow 552 into the supercapacitor module 504 dur-
ing the PWM cycle off period (1-D) at least partially com-
pensates for the power flow 550 out of the supercapacitor
module 504 during the PWM cycle on period. In an ex-
ample, the first amplitude 554 is 10 A and the second
amplitude 556 is 2 A.

[0064] During the post-float mode, the controller 102
controls the first switching means 522 to be closed and
the second switching means 524 to be open. As such,
the power flow to the heater 508 is disabled and the su-
percapacitor module 504 no longer powers the heater
508. As the first switching means 522 is closed, the bat-
tery module 506 constantly charges the supercapacitor
module 504 until the supercapacitor module 504 is fully
charged. In this way, the supercapacitor module 504 will
have an adequate charge level for the pre-heating mode
of a subsequent aerosolisation session.

[0065] Figure 5C shows a dual plot of the temperature
570 of the heater 508 against time 574, and the corre-
sponding state of charge 572 of the supercapacitor mod-
ule 504 against time 574 for the aerosolisation session
comprising the preheating mode 308, the float mode 310
and the post-float mode 312.

[0066] Duringthe preheatingmode 308, the heater 508
is powered by the supercapacitor module 504, for exam-
ple with a high duty cycle, and the temperature of the
heater 508 increases to the predetermined temperature;
during this pre-heating 308, the charge level of the su-
percapacitor module 504 drops as it powers the heater
508.

[0067] Inthe float mode 310 the heater 508 is powered
by the supercapacitor module 504 and maintained at the
predetermined temperature. As described, the pulse
width modulated power flow is configured such that the
supercapacitor module 504 applies power to the heater
508 during the PWM cycle on period, and the battery
module 506 recharges the supercapacitor module during
the PWM cycle off period. As such, the charge level of
the supercapacitor module 504 drops during the PWM
cycle on periods, and raises during the PWM cycle off
periods of the pulse width modulated power flow. This is
visually represented by the rising and falling of the su-
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percapacitor module 504 charge level 572 as a function
of time 574 in Figure 5C, during the float mode 310. As
the inflow of charge to the supercapacitor module 504
from the battery module 506 during the PWM cycle off
periods does not completely balance the outflow of
charge to the heater 508 during the PWM cycle on peri-
ods, the charge level of the supercapacitor module 504
has an overall downward trend over the course of the
float mode 310. This overall decrease in the charge level
of the supercapacitor module 504 is slower than if the
incremental charging during the PWM cycle off period
were not be applied. As such, the supercapacitor module
504 is able to provide powerto the heater 508 for a greater
amount of time due to the incremental recharging during
the PWM cycle off period.

[0068] In the post-float mode 312 the supercapacitor
module 504 is no longer powering the heater 508 and as
such the heater temperature drops. During the post-float
mode, the battery module 506 is constantly charging the
supercapacitor module 504 thereby increasing charge
level of the supercapacitor module 504 until it is fully
charged. The battery module 506 can slowly charge the
supercapacitor module 504, thereby only requiring a low
maximum current; this reduces the stress on the battery
and improves its longevity.

[0069] The battery module 506 is capable of storing
enough charge to recharge the supercapacitor module
504 for a plurality of aerosolisation sessions. When the
charge level in the battery module 506 is depleted, the
device 100 can be connected to a separate external pow-
er source such as a mains charger, a USB charger or a
power bank to recharge the battery module 506.

[0070] In examples in which a power bank can be con-
nected to the aerosol generation device 100, the power
bank can act as the battery module 506 and can charge
the supercapacitor module 504 during the PWM cycle off
periods of the pulse width modulated power flow. In this
way, if the internal battery module has depleted charge,
an aerosolisation session can still be performed, but with
the power bank performing the operations otherwise per-
formed by the internal battery module. This allows the
operator to perform an aerosolisation session without
having to first charge the internal battery module.
[0071] The pulse width modulated power regime, pow-
ering the heater 508 with the supercapacitor module 504
during the PWM cycle on periods of the pulse width mod-
ulated power flow, and recharging supercapacitor mod-
ule 504 with the battery module 506 during the PWM
cycle off periods of the pulse width modulated power flow,
is advantageous as the incremental recharging during
the off period ensures that the supercapacitor module
504 continues to have enough charge to power the heater
throughout the float mode. Furthermore, this incremental
recharging of the supercapacitor module 504 means that
the supercapacitor module has low energy / capacity re-
quirements (in an example <0.05 Wh is needed per aer-
osolisation session) thereby allowing smaller sized su-
percapacitors to be used, which reduces costs and im-
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proves safety.

[0072] Without the recharging during the PWM cycle
off period, the charge level of the supercapacitor would
run low sooner and prevent the supercapacitor module
504 from being able to power the heater 508 for the entire
float mode without the additional support of a power flow
from a battery to the heater 508.

[0073] Poweringa heater directly with a battery, or sup-
porting the power flow from a supercapacitor to a heater
with a power flow from a battery to the heater can be
disadvantageous if a step-up converter is required due
to a battery typically having a lower voltage level than
that required to power the heater. Such a step-up con-
verter can introduce losses to the system. As the super-
capacitor module 504 has a higher voltage level than a
battery, a step-up converter is not needed when powering
the heater only with the supercapacitor module 504. This
obviates the losses associated with such aloss-inducing
step-up.

[0074] Inanother advantage, the supercapacitor mod-
ule 504 has a lower internal resistance than a typical
battery thereby reducing losses in the system compared
to a system in which the heater is powered by a battery.
[0075] When the charge level of the battery module is
depleted, it can be recharged using a pulse charging pro-
tocol, as will be described subsequently.

[0076] Figure 6A depicts an exemplary circuit diagram
presenting the power system 500 described with refer-
ence to Figure 5A configured to be charged in a pulsed
manner. The circuit corresponds to that of Figure 5A, with
an external power source 602 (external to the power sys-
tem 500 of the aerosol generation device) connected to
node 604, between the first switching means 522 and
the DC/DC voltage converter 530. The power system 500
is configured to be controlled such that the external power
source 602 is used to charge the battery module 506 by
pulse charging. The external power source 602 provides
power to the power system 500 from an external supply
such as a mains supply, power bank, laptop, dock-
ing/charging station, portable charging case or the like.
The external power source 602 can include a power
adapter configured to connect to the mains supply, a pow-
er bank, a USB port in a separate appliance, or the like.
[0077] Inaspecificexample in which the external pow-
er source 602 is a portable charging case, the charging
case can be dimensioned to receive and accommodate
the aerosol generation device within a chamber. The
charging case comprises a battery which connects to
node 604 when the aerosol generation device is received
in the charging case. In this way, when the operator in-
serts the aerosol generation device into the charging
case, the power system 500 is brought into connection
with the battery comprised in the charging case to charge
the power system. The battery of the charging case can
store enough energy to fully recharge the power system
500 a plurality of times. The battery of the charging case
canitselfbe charged from an external power source, such
as a power bank or mains source, by a connection such
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as a USB cable, or through connection to a docking sta-
tion. In an example use process, the operator removes
the aerosol generation device from the charging case,
where it has been charging, carries out an aerosolisation
session (or a plurality of aerosolisation sessions), and
then reinserts the aerosol generation device into the
charging case to charge the power system 500 for future
aerosolisation sessions. The power system 500 can be
configured to store enough charge for a first predeter-
mined number of aerosolisation sessions or puffs. The
portable charging case can be configured to store
enough charge to recharge the power system 500 for a
second predetermined number of aerosolisation ses-
sions or puffs that is greater than the first predetermined
number of aerosolisation sessions of puffs. The pulse
charging protocol (subsequently described) is particular-
ly beneficial for a portable charging case as it allows for
a smaller maximum discharge current from the battery
of the charging case, which allows for better energy den-
sity, which itself allows for having more capacity in the
same size battery. The greater capacity allows for more
recharging cycles from the portable charging case per
full charge of the battery of the portable charging case.
[0078] Figure 6B presents a plot of current 630 against
time 632 for a typical pulse charging protocol. As depicted
in Figure 6B, in pulse charging, the current flow 620 into
the battery is supplied in a pulsed manner. The pulse
charging current flow 620 to the battery module 506 com-
prises one or more pulse cycles 640. A pulse cycle 640
has afirst time period 642 in which the current is directed
into the battery to charge the battery, and a second time
period 644 in which the current is not directed to the bat-
tery to allow the battery to rest. The first time period 642
and the second time period 644 are distinct time periods
which together form the overall pulse cycle 640. The first
time period 642 and the second time period 644 can be
the same or different lengths of the time. The switching
between the first time period 642 and the second time
period 644 defines the pulse rate of the pulse charging.
[0079] Pulse charging requires a much higher current
rate than a traditional constant-current, constant-voltage
charging approach. In pulse charging a higher current
has to be injected in the pulse. For example, for pulse
charging to charge a lithium-ion battery faster than a tra-
ditional charging protocol, with a maximum current rate
of 1 A, the current rate for the pulse should >> 1 A. In
this example, if a charging time of 0.5 hours is taken,
charging continuously using the traditional charging pro-
tocol with 1 A will charge 1 A * 0.5 hours = 0.5 Ah into
the battery. For pulse charging, if the accumulated pulse
time equals half of the 0.5 hours, for example, the current
rate would need to be > 2 A to inject a higher charge into
the battery (charging to a higher state of charge) than
the traditional charging protocol.

[0080] It follows that the maximum required current
rate for fast pulse charging is much higher than for tra-
ditional charging if a low charging time is required. Pro-
viding such current to the power system 500 faces a
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number of challenges. The maximum currentand/or pow-
er required from the external power source 602 (such as
awall adapter) is very high, which significantly increases
hardware costs. The very high current also leads to in-
creased energy losses during charging. The requisite
charging electronics to accommodate the high current
and/or power need to be large in size, causing additional
cost, as well as inconvenience for the operator due to
increased device size and/or weight. There can also be
an impact on the size of the device to accommodate en-
ergy losses (heat) that need to be dissipated. These chal-
lenges are addressed by the power system 500 de-
scribed with reference to Figure 6A.

[0081] Returning to Figure 6A, the power system 500
is configured in a first state in the first time period, and
ina second state inthe second time period. The controller
102 controls the power system 500 to switch once be-
tween the first state and the second state in each pulse
cycle to provide the pulse charging power flow to the
battery module 506. As such, the pulse charging power
flow cyclically switches between charging the battery in
the first time period of each pulse cycle and not charging
the battery in the second time period of each pulse cycle.
When the pulse charging power flow comprises a plurality
of pulse cycles, the pulse charging power flow repeatedly
switches between charging the battery and not charging
the battery in a cyclical manner.

[0082] The controller 102 (not shown in Figure 6A) of
the power system 500 of Figure 6A controls the pulse-
charging regime by controlling a first power flow from the
external power source 602 to cyclically switch between
charging the battery module 506 in the first time period
and not charging the battery module 506 in the second
time period. Controlling the first power flow further com-
prises charging the supercapacitor module 504 from the
external power source 602 during the second time period.
The first power flow, from the external power source 602,
can be a substantially constant current flow. Controlling
the first power flow can further comprise not charging the
supercapacitor module 504 from the external power
source 602 during the first time period.

[0083] The controller 102 further controls the pulse-
charging by controlling a second power flow between the
supercapacitor module 504 and battery module 506 to
charge the battery module 506 from the supercapacitor
module 504 in the first time period. Controlling the second
power flow further can comprise not charging the battery
module 506 from the supercapacitor module 504 in the
second time period.

[0084] Thatis, inthe firsttime period, the controller 102
controls the power system 500 such that the first power
flow from the external power source 602 charges the bat-
tery module 506. At the same time, the controller 102
also controls the second power flow from the superca-
pacitor module 504 to charge the battery module 506 in
thefirsttime period. Thisis brought about by the controller
102 configuring the power system 500 to be in the first
state. As described with reference to Figures 5A-C, fol-
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lowing the post-float mode, the supercapacitor module
504 is fully recharged. In this way, the charge in the su-
percapacitor module 504 is immediately available to sup-
plement the current flow from the external power source
602 during the first time period of the pulse charging.
[0085] In the second time period, the controller 102
controls the power system 500 such that the first power
flow from the external power source 602 does not charge
the battery module 506. At the same time, the controller
102 also controls the first power flow from the external
power source 602 to charge the supercapacitor module
504 in the second time period. This is brought about by
the controller 102 configuring the power system 500 to
be in the second state. In this way, the charge level of
the supercapacitor module 504 is topped up in the second
time period to be able to charge the battery module 506
in the first time period.

[0086] In this way, the substantially constant current
input from the external power source 602 charges the
battery module 506 in the first time period and the super-
capacitor module 504 in the second time period.

[0087] In more detall, the first switching means 522 is
controlled by the controller 102 to switch between charg-
ing the battery module 506 in the first time period and
not charging the battery module 506 in the second time
period. That s, in the first state, the first switching means
522 is closed to allow the first power flow to the battery
module 506. In the second state, the first switching
means 522 is open to stop the first power flow to the
battery module 506.

[0088] The voltage converter 530 is configured to step-
down the voltage of the second power flow from super-
capacitor module 504 to battery module 506 in first time
period (i.e. in the first state). The voltage converter 530
is a bi-directional voltage converter, and is controlled by
the controller 102 to prevent the first power flow, from
the external power source 602, flowing to the superca-
pacitor module 504 during the first time period (i.e. in the
first state). The voltage converter 530 also controls the
power flow to the supercapacitor module 504 to prevent
overcharging should the supercapacitor module 504 be
fully charged before the end of the second time period.
[0089] The controller 102 controls the first switching
means 522 to open and close at the pulse rate of the
pulse charging. Likewise, the controller 102 controls the
voltage converter 530 to switch between allowing and
preventing the power flow from the external power source
602 to the supercapacitor module 504, and from the su-
percapacitor module 504 to the battery module 506, at
the pulse rate of the pulse charging. This provides power
management control to switch the power system 500 be-
tween the first state in the first time period and the second
state in the second time period. That is, the controller
102 controls the first switching means 522 and the volt-
age converter 530 to switch the power system 500 be-
tween the first state and the second state to manage the
pulse charging regime.

[0090] In an example, the controller 102 is configured
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to automatically detect when the external power source
602 is connected to the node 604. Upon detection of the
external power source 602 being connected to the node
604, the controller 102 initiates the pulse charging re-
gime.

[0091] Figure 6C shows an illustrative dual plot of cur-
rent 660 against time 662 for the substantially constant
current input from the external power source 650 (dotted
line) and the current flow 652 (solid line) into the battery
module 506 (upper panel), and the current flow 654
(dashed line) into and out of the supercapacitor module
504 (lower panel). The plot also shows how these current
flows are implemented in a pulse cycle 640 comprising
the first time period 642 and the second time period 644,
followed the first time period 642 of the next pulse cycle.
[0092] As is presented, the current flow 650 from the
external source is substantially constant.

[0093] During the first time period 642, the controller
102 controls the power system 500 to be in the first state.
The current flow 650 from the external source is directed
to the battery module 506 and combined with the current
flow 564 from the supercapacitor module 504 to the bat-
tery module 506. As such, the amplitude of the current
flow 652 into the battery module 506 is greater than the
substantially constant current flow 650 into the power
system 500 from the external source.

[0094] During the second time period 644, the control-
ler 102 controls the power system 500 to be in the second
state. The current flow 650 from the external source is
directed to the supercapacitor module 504 and (at least
partially) compensates for the current discharged from
the supercapacitor module 504 into the battery module
506 in the first time period 642.

[0095] In this way, in the first time period 642 the cur-
rent flow 650 from the external source into the battery
module 506 is boosted by the current flow from the su-
percapacitor module 504 into the battery module 506. In
the second time period 644, the current flow from the
external source into the supercapacitor module 504 re-
charges the supercapacitor module 504.

[0096] The substantially constant currentflow 650 from
the external source is therefore switched such that it is
used to charge the battery in the first time period 642 and
the supercapacitor module 504 in the second time period
644.

[0097] In traditional pulse charging the battery is
charged in the first time period and the current flow from
the external source is disabled in the second time period.
Thatis, in traditional pulse charging, there is no utilisation
of the current flow from the external source in the second
time period. The implementation described with refer-
ence to Figures 6A and 6B is advantageous because the
current flow from the external source is utilised in the
second time period to charge the supercapacitor module
504. This then boosts the charging of the battery module
506 in the first time period to more rapidly charge the
battery module 506 for a given input current level from
the external power source 602 by making better use of
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the power.

[0098] By boosting of the current flow from the external
power source 602 into the battery module 506 using the
supercapacitor module 504, alower power external pow-
er source 602 can be used for pulse charging. For ex-
ample, a high power wall adapter is not required to
achieve fast pulse charging, and instead a less powerful
supply such as a lower power USB appliance or port in
another device can be used. This provides advantages
including reductions in cost, reductions in losses and im-
provements in efficiency, greater flexibility in device de-
sign and reductions in device size.

[0099] As such, the configuration of the power system
500 described with reference to Figures 5A and 6A is
advantageous for multiple reasons: firstly it brings about
the incremental charging during an aerosolisation ses-
sion, thereby increasing the time for which supercapac-
itor module 504 is able to power the heater, and secondly
it allows for the supercapacitor module 504 to boost the
external power supply for fast pulse charging.

[0100] In the preceding description, the controller 102
can store instructions for operating the aerosol genera-
tion device, and execute them as required. The skilled
person will readily understand that the controller 102 can
be configured to execute any of the aforementioned fea-
tures in combination with one another as appropriate.
The processing steps described herein carried out by the
controller 102 may be stored in a non-transitory compu-
ter-readable medium, or storage, associated with the
controller 102. A computer-readable medium can include
non-volatile media and volatile media. Volatile media can
include semiconductor memories and dynamic memo-
ries, amongst others. Non-volatile media can include op-
tical disks and magnetic disks, amongst others.

[0101] Itwill be readily understood to the skilled person
thatthe preceding embodimentsin the foregoing descrip-
tion are not limiting. The scope of the present invention
is defined by the appended claims.

Claims

1. An aerosol generation device, the aerosol genera-
tion device comprising:

apower system (500) comprising a supercapac-
itor module (504) and a battery module (506),
the power system connectable to an external
power source (602); and

a controller (102), wherein the controller is con-
figured control a pulse-charging regime of the
power system by:

controlling a first power flow from the exter-
nal power source to the power system,
wherein controlling the first power flow from
the external power source to the power sys-
tem comprises cyclically switching the first
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power flow between charging the battery
module in a first time period and not charg-
ing the battery module in a second time pe-
riod in a pulse-charging manner; and
controlling a second power flow between
the supercapacitor module and battery
module, wherein controlling the second
power flow between the supercapacitor
module and the battery module comprises
charging the battery module from the super-
capacitor module in the first time period.

The aerosol generation device of claim 1, wherein
controlling the first power flow further comprises
charging the supercapacitor module from the exter-
nal power source during the second time period.

The aerosol generation device of any preceding
claim, wherein controlling the first power flow further
comprises not charging the supercapacitor module
from the external power source during the first time
period.

The aerosol generation device of any preceding
claim, wherein controlling the second power flow fur-
ther comprises not charging the battery module from
the supercapacitor module in the second time period.

The aerosol generation device of any preceding
claim, wherein the first power flow comprises a sub-
stantially constant current flow into the power sys-
tem.

The aerosol generation device of any preceding
claim, wherein the battery module comprises at least
one battery and/or at least one removable power
bank.

The aerosol generation device of any preceding
claim, wherein the supercapacitor module contains
two or more supercapacitors connected in series.

The aerosol generation device of any preceding
claim, wherein the power system comprises the su-
percapacitor module connected in parallel with the
battery module, with a voltage converter connected
between the supercapacitor module and the battery
module.

The aerosol generation device of claim 8, wherein
the voltage converter is configured to step-down the
voltage of the second power flow from supercapac-
itor module to battery module in the first time period.

The aerosol generation device of any preceding
claim, wherein the power system further comprises
a first switching means connected between the bat-
tery module and the supercapacitor module, wherein
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the first switching means is controlled by the control-
ler to switch between charging the battery module in
a first time period and not charging the battery mod-
ule in a second time period.

A system comprising the aerosol generation device
of any preceding claim, and the external power
source.

The system of claim 11, wherein the external power
source is a power adapter connectable to a mains
supply and/or a power bank, a docking station con-
figured to receive the aerosol generation device, or
a portable charging case configured to receive the
aerosol generation device.

A method of controlling a pulse-charging regime of
a power system (500) of an aerosol generation de-
vice, the power system comprising a supercapacitor
module (504) and a battery module (506) and con-
nectable to an external power source (602) and the
method comprising:

controlling a first power flow from the external
power source to the power system, wherein con-
trolling the first power flow from the external
power source to the power system comprises
cyclically switching the first power flow between
charging the battery module in afirst time period
and not charging the battery module in a second
time period in a pulse-charging manner; and
controlling a second power flow between the su-
percapacitor module and battery module,
wherein controlling the second power flow be-
tween the supercapacitor module and the bat-
tery module comprises charging the battery
module from the supercapacitor module in the
first time period.

A non-transitory computer-readable medium storing
instructions thatwhen executed by one or more proc-
essors of a controller (102) configured for operation
with an aerosol generation device power system
(500) comprising a supercapacitor module (504) and
a battery module (506), connectable to an external
power source (602), cause the one or more proces-
sors to control a pulse-charging regime of a power
system by:

controlling a first power flow from the external
power source to the power system, wherein con-
trolling the first power flow from the external
power source to the power system comprises
cyclically switching the first power flow between
charging the battery module in afirst time period
and not charging the battery module in a second
time period in a pulse-charging manner; and

controlling a second power flow between the su-
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percapacitor module and battery module,
wherein controlling the second power flow be-
tween the supercapacitor module and the bat-
tery module comprises charging the battery
module from the supercapacitor module in the
first time period.

Patentanspriiche

Aerosolerzeugungsvorrichtung, wobei die Aerosole-
rzeugungsvorrichtung umfasst:

Ein Leistungssystem (500), das ein Superkon-
densatormodul (504) und ein Batteriemodul
(506) umfasst, wobei Leistungssystem an eine
externe Stromquelle (602) anschliebar ist; und
einen Controller (102), wobei der Controller kon-
figuriert ist, ein Impulsladeregime des Leis-
tungssystems zu steuern durch:

Steuern eines ersten Leistungsflusses von
der externen Leistungsquelle zum Leis-
tungssystem, wobei das Steuern des ersten
Leistungsflusses von der externen Leis-
tungsquelle zum Leistungssystem das zy-
klische Umschalten des ersten Leistungs-
flusses zwischen dem Laden des Batte-
riemoduls in einem ersten Zeitraum und das
Nichtladen des Batteriemoduls in einem
zweiten Zeitraum in einer Impulsladeweise
umfasst; und

Steuern eines zweiten Leistungsflusses
zwischen dem Superkondensatormodul
und dem Batteriemodul, wobei das Steuern
des zweiten Leistungsflusses zwischen
dem Superkondensatormodul und dem
Batteriemodul das Laden des Batteriemo-
duls vom Superkondensatormodul im ers-
ten Zeitraum umfasst.

Aerosolerzeugungsvorrichtung nach Anspruch 1,
wobei das Steuern des ersten Leistungsflusses au-
Rerdem das Laden des Superkondensatormoduls
seitens der externen Leistungsquelle wahrend des
zweiten Zeitraums umfasst.

Aerosolerzeugungsvorrichtung nach einem vorher-
gehenden Anspruch, wobei das Steuern des ersten
Leistungsflusses aufierdem das Nichtladen des Su-
perkondensatormoduls seitens der externen Leis-
tungsquelle wahrend des ersten Zeitraums umfasst.

Aerosolerzeugungsvorrichtung nach einem vorher-
gehenden Anspruch, wobei das Steuern des zweiten
Leistungsflusses auRerdem das Nichtladen des Bat-
teriemoduls vom Superkondensatormodul im zwei-
ten Zeitraum umfasst.
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Aerosolerzeugungsvorrichtung nach einem vorher-
gehenden Anspruch, wobei der erste Leistungsfluss
einen wesentlich konstanten Stromfluss in das Leis-
tungssystem umfasst.

Aerosolerzeugungsvorrichtung nach einem vorher-
gehenden Anspruch, wobei das Batteriemodul zu-
mindest eine Batterie und/oder eine entfernbare Po-
werbank umfasst.

Aerosolerzeugungsvorrichtung nach einem vorher-
gehenden Anspruch, wobei das Superkondensator-
modul zwei oder mehr in Reihe geschaltete Super-
kondensatoren enthalt.

Aerosolerzeugungsvorrichtung nach einem vorher-
gehenden Anspruch, wobei das Leistungssystem,
das mit dem Batteriemodul parallel geschaltete Su-
perkondensatormodul umfasst, wobei ein Span-
nungswandler zwischen dem Superkondensator-
modul und dem Batteriemodul angeschlossen ist.

Aerosolerzeugungsvorrichtung nach Anspruch 8,
wobei der Spannungswandler konfiguriertist, im ers-
ten Zeitraum die Spannung des zweiten Leistungs-
flusses vom Superkondensatormodul zum Batte-
riemodul herunterzutransformieren.

Aerosolerzeugungsvorrichtung nach einem vorher-
gehenden Anspruch, wobei das Leistungssystem
auflerdem ein erstes Umschaltmittel umfasst, das
zwischen dem Batteriemodul und dem Superkon-
densatormodul angeschlossen ist, wobei das erste
Umschaltmittel vom Controller gesteuert wird zwi-
schen Laden des Batteriemoduls in einem ersten
Zeitraum und Nichtladen des Batteriemoduls in ei-
nem zweiten Zeitraum zu schalten.

System, das die Aerosolerzeugungsvorrichtung
nach einem vorhergehenden Anspruch und die ex-
terne Leistungsquelle umfasst.

System nach Anspruch 11, wobei die externe Leis-
tungsquelle ein Netzteil ist, das an eine Netzversor-
gung und/oder eine Powerbank angeschlossen wer-
den kann, eine Dockingstation, die zur Aufnahme
der Aerosolerzeugungsvorrichtung konfiguriert ist,
oder aufzunehmen oder ein tragbares Ladegehau-
se, das zur Aufnahme der Aerosolerzeugungsvor-
richtung konfiguriert ist.

Verfahren zur Steuerung eines Impulsladeregimes
eines Leistungssystems (500) einer Aerosolerzeu-
gungsvorrichtung, wobei das Leistungssystem ein
Superkondensatormodul (504) und ein Batteriemo-
dul (506) umfasst und an eine externe Leistungs-
quelle (602) anschlieBbar ist und das Verfahren um-
fasst:
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Steuern eines ersten Leistungsflusses von der
externen Leistungsquelle zum Leistungssys-
tem, wobei das Steuern des ersten Leistungs-
flusses von der externen Leistungsquelle zum
Leistungssystem das zyklische Umschalten des
ersten Leistungsflusses zwischen dem Laden
des Batteriemoduls in einem ersten Zeitraum
und das Nichtladen des Batteriemoduls in einem
zweiten Zeitraum in einer Impulsladeweise um-
fasst; und

Steuern eines zweiten Leistungsflusses zwi-
schen dem Superkondensatormodul und dem
Batteriemodul, wobei das Steuern des zweiten
Leistungsflusses zwischen dem Superkonden-
satormodul und dem Batteriemodul das Laden
des Batteriemoduls vom Superkondensatormo-
dul im ersten Zeitraum umfasst.

14. Nichtflichtiges computerlesbares Medium, das An-

weisungen speichert, die bei Ausfiihrung durch ei-
nen oder mehrere Prozessoren eines Controllers
(102) fir den Betrieb mit einem Leistungssystem
(500) fiir eine Aerosolerzeugungsvorrichtung konfi-
guriert sind, das ein Superkondensatormodul (504)
und ein Batteriemodul (506) umfasst, das an eine
externe Leistungsquelle (602) anschlielbar ist, ver-
anlassen den einen oder die mehreren Prozessoren,
ein Impulsladeregime eines Leistungssystems zu
steuern durch:

Steuern eines ersten Leistungsflusses von der
externen Leistungsquelle zum Leistungssys-
tem, wobei das Steuern des ersten Leistungs-
flusses von der externen Leistungsquelle zum
Leistungssystem das zyklische Umschalten des
ersten Leistungsflusses zwischen dem Laden
des Batteriemoduls in einem ersten Zeitraum
unddas Nichtladen des Batteriemoduls in einem
zweiten Zeitraum in einer Impulsladeweise um-
fasst; und

Steuern eines zweiten Leistungsflusses zwi-
schen dem Superkondensatormodul und dem
Batteriemodul, wobei das Steuern des zweiten
Leistungsflusses zwischen dem Superkonden-
satormodul und dem Batteriemodul das Laden
des Batteriemoduls vom Superkondensatormo-
dul im ersten Zeitraum umfasst.

Revendications

Un dispositif de production d’'un aérosol, et ce dis-
positif de production d’un aérosol se compose des
éléments suivants :

un systeme d’alimentation (500) composé d’un
module supercondensateur (504) et un module
batterie (506), et ce systeme d’alimentation peut
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se brancher sur une source extérieure d'alimen-
tation en électricité (602), et

un contréleur (102), et ce contréleur est confi-
guré pour contréler un régime de chargement a
impulsions du systeme d’alimentation en :

contrélant un premier flux d’énergie partant
de la source extérieure d’alimentation en
électricité et aboutissant au systéme d’ali-
mentation, et ce contréle du premier flux
d’énergie partant de la source extérieure
d’alimentation en électricité et aboutissant
au systeme d’alimentation comporte une
commutation cyclique du premier flux
d’énergie qui passe du chargement du mo-
dule batterie durant une premiére période
au non chargement du module batterie du-
rant une deuxiéme période, par le biais d’'un
chargement a impulsions, et

contrélant un deuxiéme flux d’énergie entre
le module supercondensateur et le module
batterie, et ce contréle du deuxiéme flux
d’énergie entre le module supercondensa-
teur et le module batterie se compose du
chargement du module batterie depuis le
module supercondensateur durant la pre-
miere période.

Le dispositif de production d’un aérosol que décrit la
revendication 1, sice n’estque le contréle du premier
flux d’énergie se compose, en outre, du chargement
du module supercondensateur depuis la source ex-
térieure d’alimentation en électricité durant Ila
deuxiéme période.

Le dispositif de production d’un aérosol que décrit
'une ou l'autre des revendications précédentes, si
ce n’est que le contréle du premier flux d’énergie se
compose, en outre, du non chargement du module
supercondensateur depuis la source extérieure d’ali-
mentation en électricité durant la premiere période.

Le dispositif de production d’'un aérosol que décrit
'une ou l'autre des revendications précédentes, si
ce n’est que le contrdle du deuxiéme flux d’énergie
se compose, en outre, du non chargement du mo-
dule batterie depuis le module supercondensateur
durant la deuxiéme période.

Le dispositif de production d’'un aérosol que décrit
'une ou l'autre des revendications précédentes, si
ce n’est que le premier flux d’énergie envoie un cou-
rant substantiellement constant dans le systéme
d’alimentation.

Le dispositif de production d’'un aérosol que décrit
'une ou l'autre des revendications précédentes, si
ce n'est que le module batterie contient au moins
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une batterie et (ou) au moins un bloc d’alimentation.

Le dispositif de production d’un aérosol que décrit
'une ou l'autre des revendications précédentes, si
ce n'est que le module supercondensateur contient
au moins deux supercondensateurs branchés en sé-
rie.

Le dispositif de production d’un aérosol que décrit
'une ou l'autre des revendications précédentes, si
ce n'est que le systeme d’alimentation se compose
du module supercondensateur raccordé en paralléle
au convertisseur de tension qui vient se brancher
entrele module supercondensateur etle module bat-
terie.

Le dispositif de production d’un aérosol que décrit la
revendication 8, si ce n’est que le convertisseur de
tension est configuré pour abaisser la tension du
deuxieme flux d’énergie qui part du module super-
condensateur et aboutit au module batterie durant
la premiére période.

Le dispositif de production d’un aérosol que décrit
'une ou l'autre des revendications précédentes, si
ce n’est que le systéme d’alimentation comporte, en
outre, un premier moyen de commutation qui vient
se raccorder entre le module batterie et le module
supercondensateur, et si ce n’est que ce premier
moyen de commutation est contrdlé par le contréleur
pour alterner entre le chargement du module batterie
durant une premiére période et le non chargement
du module batterie durant une deuxiéme période.

Un systéme comportant le dispositif de production
d’un aérosol, que décrit 'une ou l'autre des reven-
dications précédentes, et la source extérieure d’ali-
mentation.

Le systéme que décritla revendication 11, sice n’est
que la source extérieure d’alimentation est un adap-
tateur d’alimentation qui peut se brancher sur le sec-
teur et (ou) un bloc d’alimentation, une borne de con-
nexion configurée pour recevoir le dispositif de pro-
duction d’un aérosol ou un coffret portatif de char-
gement configuré pour recevoir le dispositif de pro-
duction d’un aérosol.

Un procédé de contréle d’un régime de chargement
aimpulsions d’un systéme d’alimentation (500) d’'un
dispositif de production d’un aérosol, et ce systeme
d’alimentation se compose d’'un module supercon-
densateur (504) etd’'un module batterie (506) et peut
se brancher surune source extérieure d’alimentation
en électricité (602) et ce procédé se compose des
éléments suivants :

contréle d’'un premier flux d’énergie partant de
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la source extérieure d’alimentation en électricité
et aboutissant au systéme d’alimentation, et ce
contréle du premier flux d’énergie partant de la
source extérieure d’alimentation en électricité et
aboutissant au systéme d’alimentation compor-
te une commutation cyclique du premier flux
d’énergie qui passe du chargement du module
batterie durant une premiére période au non
chargement du module batterie durant une
deuxiéme période, par le biais d’'un chargement
a impulsions, et

contréle d’'un deuxiéme flux d’énergie entre le
module supercondensateur et le module batte-
rie, et ce contréle du deuxieme flux d’énergie
entre le module supercondensateur etle module
batterie se compose du chargement du module
batterie depuis le module supercondensateur
durant la premiére période.

14. Un support de mémoire électronique non transitoire
qui contient des instructions qui, lorsqu’elles sont
exécutées parunou plusieurs processeursd’un con-
tréleur (102) configurés pour fonctionner avec le sys-
teme d’alimentation (500) d’un dispositif de produc-
tion d’'un aérosol comportant un module supercon-
densateur (504) et un module batterie (506), pouvant
se raccorder a une source extérieure d’alimentation
(602), permettent a ce ou ces processeurs de con-
tréler un régime de chargement a impulsions d’'un
systéme d’alimentation en assurant le :

contréle d’un premier flux d’énergie partant de
la source extérieure d’alimentation en électricité
et aboutissant au systéeme d’alimentation, et ce
contréle du premier flux d’énergie partant de la
source extérieure d’alimentation en électricité et
aboutissant au systéme d’alimentation compor-
te une commutation cyclique du premier flux
d’énergie qui passe du chargement du module
batterie durant une premiére période au non
chargement du module batterie durant une
deuxiéme période, par le biais d’'un chargement
a impulsions, et

contréle d’'un deuxiéme flux d’énergie entre le
module supercondensateur et le module batte-
rie, et ce contréle du deuxieme flux d’énergie
entre le module supercondensateur etle module
batterie se compose du chargement du module
batterie depuis le module supercondensateur
durant la premiére période.
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